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Microbiology

The Degradation of Aflatoxin Bl by Phanerochaete
chrysosporium (70 pp.)
Director:

George L. Card

Culture parameters influencing the degradation of aflatoxin Bl
in defined media have been studied in tube cultures of the ligninolytic
wood-destroying Phanerochaete chrysosporium.
Degradation of
aflatoxin Bl continued throughout the growth process of P^^ chrysosporium
with the production of a metabolite, aflatoxin X, occurring after 48
hours of growth.
The optimal culture pH's for aflatoxin Bl degradation
were 4.5 and 6.0.
Aflatoxin X was produced optimally at pH 6-0.
The
greatest amount of aflatoxin Bl degradation occurred at 23 C and
continued up to 37 C. The optimum temperature for aflatoxin X
production was 37 C. Metabolites of lignin degradation, such as
veratryl alcohol and vanillic acid, enhanced the degradation of
aflatoxin Bl. Manganese sulfate, a cofactor required for the
peroxidase-M2 system of P^ chrysosporium, increased aflatoxin Bl
degradation as well.
The addition of veratryl alcohol decreased the
production of aflatoxin X.
Fractionation of the P_^ chrysosporium
culture revealed that the extracellular fraction apparently contained
the enzyme system responsible for aflatoxin Bl degradation.
Kinetic
analysis with the extracellular fraction achieved a Michaelis-Menten
constant of 2.08 >iM, suggesting that a strong interaction between the
enzyme and the substrate exists.
Aflatoxin X was not produced by the
individual cellular fractions of P ^ chrysosporium.
A partial
characterization of the aflatoxin X molecule revealed that aflatoxin X
is much more polar than aflatoxins Bl, B2, and Ro as illustrated during
HPLC and TLC analysis.
However, spectrophotometric assays showed a
similar absorbency pattern between aflatoxin X and aflatoxin Ro.
Aflatoxin X also maintained its fluorescing properties under ultraviolet
light.
Toxicity experiments indicated that aflatoxin X is more toxic
to Bacillus megaterium than aflatoxin Bl.

XI
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CHAPTER I

INTRODUCTION
A major concern of the food-technology industry is the
preservation of food while maintaining its nutritional and
palatable characteristics.

Specific guidelines have been

established to insure that the marketed products contain
little,

if any, artificial ingredients that could be

potentially harmful if consumed.

Despite all of the

publicized concerns regarding man-made additives to food
commodities, our society generally disregards naturally
occurring toxins and carcinogens in our products.

When a

consumable good is adultered by a natural substance in which
the commodity becomes filthy, putrid, or decomposed,
obviously the product is disposed of before reaching the
consumer.

However, other "natural" contaminants may not be

so easily noticed in food products.
Fungi produce various by-products known as mycotoxins.
These toxins function as a poison to other organisms which
may be competing for the same food source, thus insuring the
survival of the fungi

(31).

Although mycotoxins are natural

in origin, they are not natural components of the food and
are thus considered as an added substance.

Current

agricultural practices cannot assure the complete absence of
mold growth on food, and current processing and
manufacturing practices cannot accomplish the complete
1
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removal of the mycotoxin contaminated portions as these
toxins persist even when fungal growth is not evident (52).
Aflatoxins are structurally related mycotoxins produced
as secondary metabolites (35) by Aspergillus flavus and
other species of fungi

(43).

The aflatoxin molecule has a

rather stable structure consisting of highly substituted
coumarins containing bifuran rings and pentanone or lactone
configurations (fig. la)

(11).

The bifuran rings present a

fairly unique characteristic of aflatoxins which in
conjunction with the coumarin and the pentanone moitiés
causes the aflatoxins to fluoresce under ultraviolet light
(33).

This family of mycotoxins is considered highly toxic

and carcinogenic with aflatoxin Bl being the most toxic of
the group and appearing naturally in the largest quantities
(3,

A,

21).

Since its initial discovery and isolation,

aflatoxin Bl has been evaluated in a greater variety of
biological systems than any other mycotoxin

(53).

The potent carcinogenic, mutagenic, and teratogenic
effects of aflatoxins are caused by the metabolism of
aflatoxins in the liver

(39).

Once the toxin enters the

liver cell, the factors causing tissue injury in a
particular animal species may be dictated by the rate and
pattern of aflatoxin metabolism (11).

Human liver

microsomes convert aflatoxin Bl to its epoxide structure
(fig. lb).

One of the earliest effects of the aflatoxin Bl

metabolite is an inhibition of DNA-dependent RNA synthesis

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

o.

o

I

QH

c.

Figure 1.

d.

Aflatoxin Bl (a.) and its metabolites. 'Hie aflatoxin Bl epoxide
is produced from human liver microsomes (b.), aflatoxin B2 (c.)
and aflatoxin Ml (d.) are produced from various food-producing
live stock, and aflatoxin Ro (e. ) is produced from Nocardia
corynebacterium.
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in the liver cell nucleus, thus making aflatoxin Bl an
extremely potent hepatocarcinogen (49).

A possible link

between the consumption of aflatoxin contaminated food
products and human liver carcinoma has been demonstrated in
laboratory animals and epidemiological studies (5).
Specific analysis in various African and Southeast Asian
populations indicated that a high consumption of aflatoxin
Bl (50 ng/kg body weight/day) produced a liver tumor
incidence of six times that of populations that were not
exposed to aflatoxin Bl.

Aside from the mutagenic effects

of aflatoxin Bl, acute aflatoxin poisoning can impair the
growth rate and development in children who have consumed
highly contaminated food products

(54).

Aflatoxins have been isolated from many food products
including grains and nuts (1).

The aflatox in-producing

Aspergillus group of molds is ubiquitous in nature and has
been isolated from a wide variety of sources

(53).

These

fungi do not infect the plants while living but rather they
are soil saprophytes invading the food products during the
postharvest period while the nuts and grains are still moist
(45); thus these molds are described as the "food storage
fungi"

(10).

Growth of Aspergillus flavus on stored nuts

and grains is encouraged by damage to the stored product,
maturity of the product, high relative humidity (over 85%),
and high temperatures (36-38°C) during storage (16).

Actual

aflatoxin production by Aspergillus flavus is favored in nut

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

and grain storage facilities due to very low oxygen
tensions, high temperatures, and darkness (14, 44).

Peanuts

present a special problem because the fruit, after
fertilization, penetrates into the soil where various fungi
contaminate the shell, seed, and testa (4).

As an animal

feed, peanut meal caused the initial problem that led to the
discovery of aflatoxins.

Relatively large amounts of

peanuts are consumed by children in confections and as
peanut butter.

Each peanut butter sandwich in the United

States contains an estimated 65 ng of aflatoxin Bl (2, 47).
Peanut meal is also a major protein supplement for use in
developing countries (53).

Thus aflatoxins are of great

significance to processed foods.
The discovery of aflatoxins in foods in the United
States, which has one of the world's most sophisticated
agricultural and food marketing and processing systems,
probably gives only a slight indication of the problem on a
world-wide basis.

Aflatoxin is one of the very few types of

food contaminants that is being monitored on an
international scale (53).

However, analytical methods used

in determining the presence of aflatoxins may be complicated
by several factors such as an uneven distribution of
aflatoxins in food products (5) or minute (pg/kg) amounts of
aflatoxins, thus requiring the evaluation of large masses of
food products (11, 53).

Additional problems occur when

aflatoxins are ingested by some food-producing animals
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causing the contaminant or one of its toxic metabolites,
such as aflatoxin B2 or aflatoxin Ml (fig. Ic-d), to be
transferred to milk, eggs, or meat that are then consumed by
humans (51).
To detoxify aflatoxin contaminated products, food may
be treated in a variety of ways.

Unfortunately,

preservatives such as benzoic acid and sorbic acid increase
aflatoxin Bl synthesis (6).

However, aflatoxins are

sensitive to ultraviolet radiation and ammoniation
(20), although no single treatment is completely successful
in degrading or removing toxins while retaining the
nutritional and functional qualities of the treated
commodity.
Carcinogens, such as aflatoxin Bl, persist in the
environment in part because microorganisms are either unable
to degrade them or do so very slowly (8),

Previous research

indicates that a small variety of fungi and bacteria do
degrade aflatoxins.

Whether the aflatoxin is modified by

the various organisms or whether it is simply bound to the
cells is not fully resolved (20).

Nocardia corynebacterium

is a bacterium which degrades the majority of aflatoxin Bl
to a hydroxylated product, aflatoxin Ro (fig. le) (42).
Since the fused ring system remains untouched, the
carcinogenic character of aflatoxin remains intact (20).
Aspergillus flavus has also been tested for its aflatoxin
degradative capabilities.

Although a loss of aflatoxin Bl

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

was noted over a period of days, it was concluded that the
degradation was nonenzymatic and nonspecific.

The acidic

conditions that developed during the growth of Aj_ flavus
actually caused a reduction in aflatoxin levels (12, 35,
43).

By identifying an organism that contains an enzyme

system which structurally fragments the aromatic rings of
aflatoxin B l , the possibility exists of exploiting the
enzyme for detoxifying consumable products.

A natural

process such as enzyme detoxification of the aflatoxin
molecule would be advantageous as enzymes are simply
proteins and could feasibly be added to food products to
eliminate the contaminant.

Phanerochaete chrysospor ium is a wood destroying
basidiomycete that is currently receiving much attention due
to its remarkable degradative capabilities (38).

This

filamentous fungi is in part responsible for a disease
condition of trees known as "white rot"

(38).

P.

chrysosporium breaks down the structural support material of
trees, lignin, by utilizing its enzyme system to recycle the
carbon bound in lignin and eventually converting it to
carbon dioxide (8, 38).

Lignin is a complex, heterogeneous,

and hydrophobic molecule located in most woody plants (38,
58).

It consists of randomly linked substructures such as

phenylcoumarin and biphenyls that resist breakdown by most
organisms (fig.2-3)

(15, 32, 58).
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Lignin degradation by P_^ chrysosporium is shown to be
initiated by nutrient nitrogen starvation.

The fact that

ligninolytic activity is not induced by lignin suggests that
the enzyme system may be relatively nonspecific (37).
Lignin degradation can be conveniently divided into
depolymerization reactions which are extracellular and the
further metabolism of fragments released from the polymer
which may be intracellular

(26).

An important step during

lignin degradation is aromatic ring cleavage (40).

However,

extensive spectrophotometric and polarographic assays fail
to detect classical ring-cleaving dioxygenases in cell
homogenates or in extracts from ligninolytic cultures,
therefore the enzyme system responsible for ring-cleavage
may exist for only very brief periods of time in comparison
to the system that cleaves intermonomer linkages (40).
The ligninolytic enzyme system of P_^ chrysosporium that
has thus far been identified contains several different
components.

The most extensively studied component is

referred to as "ligninase-I."

Tien and Kirk (55)

characterize this enzyme as an extracellular, hemecontaining oxygenase that requires hydrogen peroxide for
activity.

Since it is extracellular it has the ability to

readily contact the lignin polymer.

Ligninase-I also has

low substrate specificity, cleaving linkages in lignin and
lignin model compounds

(23, 29, 55) as well as catalyzing

the oxidation of certain polycyclic aromatic hydrocarbons

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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{fig.

4)

(32).

The addition of veratryl alcohol has been

shown to enhance ligninase-l activity by apparently inducing
the enzyme to be produced at four times its normal rate

{2A,

41) .
Unlike ligninase-l, which is free extracellularly^
another enzyme known as "peroxidase-M2" appears to be
closely associated with the fungal mycelium (48).

This

enzyme is also dependent on hydrogen peroxide and contains
heme, but is unique in its requirement for manganese (26,
34).

Peroxidase-M2 shows activity against a wide variety of

phenols and phenolic lignin model compounds (fig. 5) (48).
Peroxidase-M2 is also enhanced by the addition of veratryl
alcohol

(24, 41).

Vanillate hydroxylase is another enzyme isolated from
the cell fraction of P. chrysosporium.

Vanillate

hydroxylase is dependent on NADPH and oxygen to catalyze the
oxidative decarboxylation of vanillic acid (9).

The

presence of vanillic acid appears to induce the production
of this enzyme system (9, 61).

Eventually ring fission of

the vanillic acid occurs upon subsequent exposure to P ♦
chrysosporium mycelial extracts containing vanillate
hydroxylase (fig. 6) (9).
The final enzyme system that is of great significance
to the ligninolytic activity of P_^ chrysosporium is its
glucose oxidase system.

Mycelia of the 1 ignin-degrading

fungus contain small microbodies

(peroxisomes) that produce

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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extracellular hydrogen peroxide in the presence of glucose
(29, 36).

The hydrogen peroxide,

in conjunction with the

heme-containing enzymes, catalyze oxidative reactions that
degrade various portions of the lignin molecule (27, 53).
Increased levels of hydrogen peroxide are generated when the
glucose oxidase system is exposed to a lignin substrate
(28).

Hydrogen peroxide by itself, however, does not react

with lignin even in the presence of metal ions (28).
Each of these enzymes aids in the ligninolytic
activity of jPj. chrysosporium.

Although much research has

yet to be accomplished to completely understand the exact
mechanism of lignin degradation,

it has been shown that

p . chrysosporium does recycle the carbon bound in the
aromatic rings of lignin.

Therefore, this fungus is a

promising source of enzyme for the biodégradation and
detoxification of aflatoxin Bl as it could feasibly break
the aromatic rings of the aflatoxin molecule.

Statement of the Problem
The primary objective of this study was to develop a
cell-free system for the enzymatic degradation of aflatoxin
Bl.

The study included:

1)

the demonstration of aflatoxin

Bl degradation by cultures of P^ chrysosporium and analysis
of the optimum conditions for degradation;

2)

an analysis

of aflatoxin Bl degradation activity by the extracellular
and the subcellular fractions of P_^ chrysospor ium;
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3)

a comparison of some of the properties of a product from

aflatoxin Bl degradation recovered from

chrysosporium

cultures and known derivatives of aflatoxin Bl;

4) an

analysis of the toxicity of the product from aflatoxin Bl
degradation.
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CHAPTER II

MATERIALS AND METHODS

A.

GROWTH of the ORGANISM
Phanerochaete chrysospor ium ME-446 (ATCC 34541) was

obtained from the American Type Culture Collection.

Slant

cultures were maintained on Sabouraud Dextrose agar (BBL)
under oil at 4 ° C.

Cultures were grown in 2800 ml Fernbach

flasks containing 500 ml of a defined medium similar to that
used by Kirk (38)

(see appendix "Medium-A").

The flasks

were incubated at 3 7°C (pH 5.0) without agitation for twelve
days.

The cultures were then used in aflatoxin Bl

degradation assays.
B.

AFLATOXIN PREPARATION
Aflatoxins Bl, B2, and Ro were purchased from the Sigma

Chemical Company (St. Louis, MO).

The aflatoxins were

suspended in chloroform and stored in air-tight containers
at -20°C.

To facilitate an even distribution of aflatoxin

in experimental procedures, one ml of the 100 ^g/ml
aflatoxin-chloroform suspension was evaporated to dryness
and resuspended in 5 ml of 1% Tween-80.

15
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C.

DEGRADATION of AFLATOXIN Bl by P. chrysosporium

1.

Growth Conditions
Initially it was necessary to identify the

physiological and the environmental factors which influence
microbial degradation of aflatoxin Bl by

chrysosporium.

Previous studies have been conducted that indicate the
proper environment for maximum

chrysosporium growth (31),

however maximum growth of Pj_ chrysosporium may not be
synonymous with maximum aflatoxin Bl degradation.
Approximately 100 ml of a 12-day culture of P_^ chrysosporium
was aseptically disrupted in a Waring blender for 10-15
seconds, allowing for the even distribution of the mycelial
mat.

Approximately 3x10^ P_^ chrysosporium spores, as

determined by hemacytometer analysis, were placed in sterile
screw-top culture tubes.

Two milliliters of medium A, 4

)ig

aflatoxin Bl, and 0.1 mM MnSO^ were added to the tubes and
mixed.

Various growth conditions were as follows:

a.

Time :

A set of tubes was incubated in limited

light to prevent photodegradation at an angle that
maximized their surface area.

The incubation

temperature was 37°C and the media was adjusted to pH
5.0.

At 24-hour intervals the aflatoxin was extracted

from the tubes, evaporated, and stored under nitrogen
at -70°C until assayed.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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b.

£H:

cbrysosporium was grown in various tubes

with the media ranging from a pH of 4.5 to 7.0.
Medium-A was adjusted to the appropriate pH by the
addition of either 1 N HCl or 1 N NaOH.

The tubes were

incubated at 37°C in limited light for 96 hours.
c.

Temperature :

Water baths and incubators provided

testing of optimum aflatoxin Bl degradation over a
range of 23-45°C.

The tubes were incubated at a pH of

5.0 in limited light for 96 hours.
d.

Media :

The addition of veratryl alcohol, vanillic

acid, or 1ignosulfanate has been shown to increase the
lignolytic activity of cultures of
24, 27, 41, 61).

chrysosporium (9,

If the enzymes involved in aflatoxin

Bl degradation are part of the metabolic system for
lignin degradation, then aflatoxin Bl degradation
activity might also be influenced by these substances.
Veratryl alcohol and vanillic acid were added to
medium-A to a final concentration of 0.1 mM.
Lignosulfanate was added (40 pi per 2 ml) as a 1:100
dilution of the "black liquor" supplied by a local
Kraft paper mill.

Manganese sulfate was added to a

final concentration of 0.1 mM as a cofactor of the
peroxidase-M2 enzyme system.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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2.

Extraction and Analysis
Extraction of the aflatoxin from the growing tube

cultures of

chrysosporium was accomplished by a

modification of the procedure described by Doyle (18).

Two

ml of chloroform were added to the culture tubes and mixed.
The tubes were centrifuged using a clinical bench top
centrifuge to produce a distinct two phase system.

The

chloroform phase was transferred to a clean test tube with a
capillary pipette.

The aqueous phase was reextracted twice

with 2 ml and 1 ml of chloroform.

The chloroform extracts

were then pooled, evaporated, and stored under nitrogen at
-70°C.
The extracts were then resuspended in 0.5 ml
acetonitrile and fractionated with a Perkin-Elmer Series 410
High Pressure Liquid Chromatography instrument

{HPLC)

equipped with a Perk in-Elmer LC UV Spectrophotometrie
detector, a Gilson 203 fraction collector, and a perkinElmer LCI-lOO integrator.

The extracts were eluted from a

Techsphere Ultra 5C18 (PP/17666) column with acetonitrile :
H2O : acetic acid (55:45:2) at a pH of 3.85.
was 1 ml/minute,

The flow rate

the UV detector sensitivity was 0.1 AUFS,

and the UV wavelength was 365 nm as instructed by Engstrom
(52).
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3.

Mycelial Weight
The weight of the mat from each tube was

determined by placing the mat on a tared aluminum weighing
boat.

This was then placed in a drying oven at 105°C for

two hours.

The aluminum boat was cooled and weighed with a

Cahn electrobalance (model G).

D.

CELLULAR FRACTION DEGRADATION of AFLATOXIN Bl
Since the enzymes involved in lignin degradation reside

in both the extracellular and the intracellular fractions of
a growing P_^ chrysosporium culture, it was necessary to
identify which portion degrades aflatoxin Bl.

A 12-day

culture of P^L chrysospor ium was processed in the following
manner

1.

(30).

Fractionation of P. chrysosporium
a.

Mat :

A Buchner funnel with Whatman #1 filter

paper (9.0 cm) was used to separate the mat from the
extracellular fluid.

The mat was removed from the

filter paper with forceps and disrupted briefly (15
seconds) in a Waring blender containing 50 ml basil
salts medium (see appendix "Medium-B") plus 0.2 mM
phenylmethyl-sulfony1 fluoride (PMSF) to inhibit
proteolytic enzymes.

This mixture was sonicated with a

Heat Systems Ultrasonic sonifier (W-350) for 30
seconds.

After sonification, the mixture was
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centrifuged in a Sorval centrifuge at 10,000 x g for 30
minutes.

The lysate and the particulate fractions were

collected and stored on ice until used.

When the

particulate fraction was needed, it was resuspended in
succinate buffer
b.

(pH 5.0).

Extracellular Fluid:

The filtrate obtained

had 0.2 mM PMSF added and was then concentrated 20-fold
with the use of a YM-10 membrane filter.

The

concentrate was dialyzed overnight against 0.5 mM
sodium tartrate (pH 5.0).

This solution was

immediately used as a fresh preparation.

See figure 7

for a flow chart depicting the fractionation of the P .
chrysosporium culture.

2

.

Protein Determination
To determine the protein content of the mat and

the extracellular fluid from P_^ chrysosporium, the method of
Bradford (7) was employed.

Bovine serum albumin served as

the standard.

3.

Assay and Analysis of Aflatoxin Bl Degradation
The degradation assay was conducted in sterile

screw-top culture tubes.

Each tube contained two ml of

medium-A (pH 4.5 or pH 6.0), 2 pg aflatoxin B l , 10 jag
protein (either the particulate fraction, the lysate
fraction, the extracellular fraction, or a combination of
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12 day culture
of
P. chrysosporium
Separate with
Whatman #1 filter paper

Mat
add 0.2 m M FMS
add 50 ml basil salts
blend 30 seconds
sonicate 1 minute
centrifuge 10,000 x g
for 30 minutes

Supernatant

Lysate
Fraction

Figure 7.

Pellet
suspend in succinate
buffer (pH 4.5)

Particulate
Fraction

Extracellular
Fluid
add 0.2 mM FMS
concentrate 20-fold
with YM-20 membrane

Concentrated
Extracellular
Fluid
dialyze overnight
(0.5 mM Na-tartrate)

Extracellular
Fraction-

P. chrysosporium cellular fraction preparation.
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all three), and 0.1 mM MnSO^.

Hydrogen peroxide (75 u M )

which served as a substitute for the glucose oxidase system
of

chrysosporium was added to one-half of the tubes.

tubes were incubated at 37°C for 6 hours.

The

The complete

sample mixture was fractionated with the HPLC.

The

concentration of aflatoxin Bl was determined by measuring
the area of the HPLC peaks.

E.

KINETIC EVALUATION for the DEGRADATION of AFLATOXIN Bl
The rate of the enzyme-catalyzed degradation of

aflatoxin Bl by the extracellular fraction of P .
chrysosporium was studied in an effort to further understand
the mechanism of action for the p_^ chrysospor ium enzyme
system.

The extracellular fraction was prepared as stated

in the previous section.
protein, 0.1 ml MnSO^,

75

Two ml of medium-A (pH 4.5), 10 >ig
jiM

^2^2'

varying

concentrations of aflatoxin Bl were combined in a series of
tubes and incubated at 37°C.

HPLC analysis was conducted

every two hours for 10 hours.

F.

PARTIAL CHARACTERIZATION

Of

the AFLATOXIN Bl METABOLITE

During aflatoxin Bl degradation studies, a product
(aflatoxin X) was formed.

A comparison of aflatoxin X to

other known aflatoxin Bl metabolites was conducted in an
effort to possibly identify aflatoxin X.

This correlation

was performed in the following manner:
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1.

HPLC:

One ng/^1 of aflatoxins Bl, B2, and Ro

were injected into the HPLC.

Retention times were

measured and compared to the retention time of
aflatoxin X (22 } .
2.

Thin Layer Chromatography (TLC):

A Whatman, non

fluorescing, 5x20 cm, silica gel (250 /im) glass plate
was spotted with 1 ^ g of aflatoxins Bl, B2, and Ro.

A

96-hour aflatoxin Bl degradation sample was obtained
after HPLC analysis and 100 /il was spotted on the TLC
plate.

The plate was developed in a chloroform:

acetone (9:1) solution (53).

After development, the

plate was viewed under a UV lamp (254 n m ) .

Zones of

fluorescing blue signified the aflatoxins.

Retention

factor
3.

(Rf) values were calculated and compared.

Spectrophotometric Scan:

A Peritin-Elmer Lambda 3A

UV/Vis spectrophotometer equipped with a Perkin-Elmer
3600 data station and a Perkin-Elmer 660 printer was
utilized in the spectrophotometrie scan.

The samples

obtained in the TLC analysis were removed from the
plate and extracted with one ml of ice-cold methanol.
The extraction from the TLC plate was placed in a
1.5 ml disposable Bio-Rad cuvette with a 1 cm pathway
and scanned from a wavelength of 310 nm to 400 nm.
ice-cold methanol served as the blank

(46).

Extinction

coefficients were plotted and compared.
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G.

AFLATOXIN X TOXICITY ASSAY
Aflatoxin Bl is considered to be the most toxic of the

aflatoxins normally found in nature.

A toxicity assay based

on the inhibition of growth of a strain of Bacillus
megaterium was devised by Clements
quantify aflatoxin toxicity.

(13) to specifically

This assay was used to

determine the level of toxicity for aflatoxin X.

1.

Preparation of Aflatoxin X
Tube cultures of P_^ chrysosporium plus 200 ^ 1 of

aflatoxin Bl suspended in 1% Tween 80 were prepared as
previously described in section C of the materials and
methods.

The media was adjusted to pH 6.0 and the tubes

were incubated for 96 hours at 37°C.

The aflatoxins were

then extracted with chloroform and evaporated to dryness.
The aflatoxins were resuspended in 50 ^ 1 of chloroform and
spotted on a TLC plate and developed as stated in the
previous section.

After development, the fluorescing spot

that indicated aflatoxin X was extracted with methanol as
before.

These samples were stored under nitrogen at -7 0°C

until use.

One sample was resuspended in 50 ^ 1 of

acetonitrile and the relative concentration of aflatoxin X
was determined by HPLC analysis.
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2.

Preparation of Bacillus megaterium
Bacillus megaterium B-1368 (ATCC #25848) was

purchased from the American Type Culture Collection.

The

B. megaterium was initially grown in a defined broth medium
(see appendix "Medium-C") for 15-18 hours at 37°C on a
platform shaker until an approximate optical density of 0.8
was reached at 600 nm on a Coleman Junior II
spectrophotometer.

One ml of this culture was transferred

to a 250 ml flask containing 50 ml of fresh medium-C and was
then incubated at 37°C for two hours or until an optical
density ranging from 0.15 to 0.20 was obtained.

Medium-C

agar plates were inoculated with a 4 ml soft-agar
overlay containing 50 ^ 1 of the two-hour ^

(0.7%)

megaterium

culture.
3.

Assay and Analysis of Toxicity
The aflatoxin X was resuspended in 50

)il

chloroform and an appropriate amount, as determined by the
HPLC analysis, was transferred to 5 mm filter paper discs.
The discs were placed on the medium-C agar plates that had
been recently inoculated with ^
were incubated 18 hours at 37°C.

megaterium.

The plates

After incubation, the

diameters of the zones of inhibition surrounding the discs
were measured.
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CHAPTER III

RESULTS

A.

DEGRADATION of AFLATOXIN Bl in a P. chrysosporium
CULTURE
Degradation of aflatoxin Bl by Phanerochaete

chrysosporium is shown in figure 8.

Growth conditions

utilized were those defined by Kirk (38) for optimum lignin
degradation by P_^ chrysosporium.

Control tubes which

lacked the P_^ chrysosporium spores experienced no
significant change in aflatoxin concentration.

Figure 8a

demonstrates the formation of a metabolite at a retention
time of 3.44 minutes.

This product will be referred to as

"aflatoxin X" throughout this thesis for purposes of
simplification in discussion.

Figure 8b graphically

illustrates the loss of aflatoxin Bl and the production of
aflatoxin X.

Aflatoxin Bl degradation was fairly steady for

the first 72 hours of P_^ chrysospor ium growth.

Aflatoxin X

formation did not become significant until after 48 hours,
at which time the production steadily increased.
The aflatoxin Bl degradation capabilities of P .
chrysosporium over a wide pH range are shown in figure 9.
Aflatoxin Bl was degraded in the greatest quantities at pH
4.5 and pH 6.0.

The most significant formation of aflatoxin

X appeared at pH 6.0.
The effect of the P_^ chrysospor ium growth temperature
26
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on the efficiency of aflatoxin Bl degradation is shown in
figure 10.

Although very little mycelium was produced at

23°Cf aflatoxin Bl experienced its greatest loss at this
temperature.

At both 30°C and 37°C the aflatoxin Bl was

diminished by the growing culture but at 45°C P.
chrysosporium seemed unable to degrade aflatoxin Bl with any
efficiency.

Aflatoxin X was produced in the highest

quantities at 37°C.
The addition of various cofactors and inducers into the
growth medium was to entice a greater production of the
enzyme(s ) responsible for aflatoxin Bl degradation and
aflatoxin X production.

Figure 11 shows a significant

increase in aflatoxin Bl degradation with the addition of
veratryl alcohol.

Vanillic acid and MnSO^ slightly

increased the abilities of aflatoxin Bl degradation by P ♦
chrysosporium.

Lignosulfanate promoted the degradation of

aflatoxin Bl when compared to the complete absence of an
inducer, but the addition of lignosulfanate apparently did
not activate the enzyme system to any great extent.
Manganese sulfate, vanillic acid, and lignosulfanate did not
increase the production of aflatoxin X, however veratryl
alcohol decreased its production when compared to the
control tube lacking any inducers.
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Figure 8.

Aflatoxin Bl degradation by a growing
culture of P_^ chrysosporium over time.
p. chrysosporium was grown in the presence
of aflatoxin Bl at 37 C (pH 5.0).
At 24hour intervals the aflatoxin was extracted
with chloroform/ evaporated to dryness, and
stored under nitrogen at -20^C.
The
extracted material was resuspended in 0.5
ml acetonitrile and fractionated with a
Perkin-Elmer Series 410 HPLC.
It was
eluted from a Techsphere Ultra 5C18 column
with acetonitrile : HnO : acetic acid
(55:45:2) and detected by a LC UV
Spectrophotometric detector with a
sensitivity setting of 0.1 AUFS at 365 nm.
Figure 8a demonstrates the decrease of the
aflatoxin Bl (AFBl) peak at 4,60 minutes
and the subsequent formation of the
aflatoxin X (AFX) peak at 3.44 minutes.
Figure 8b graphically illustrates the
amount of aflatoxin Bl (AFBl) remaining and
the relative amount of aflatoxin X (AFX)
formed as based on the area of the peaks.
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Figure 9.

Aflatoxin Bl degradation and the subsequent
formation of aflatoxin X per milligram of a
growing culture of P_^ chrysosporium over a
pH range.
P. chrysosporium was grown in the presence
of aflatoxin Bl at 37 C for 96 hours.
The
growth medium was initially adjusted to the
varying pH levels by the addition of either
1 N HCl or 1 N NaOH.
After 96 hours the
aflatoxin was extracted and analyzed as in
figure 8. The weight of the P .
chrysosporium mat was determined by drying
the mat a t I05°C and weighing it with a
Cahn electrobalance.
The amount of
aflatoxin Bl degraded and the amount of
aflatoxin X produced is reported as a
factor of mycelial weight.
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Figure 10.

Aflatoxin Bl degradation and the subsequent
formation of aflatoxin X per milligram of a
growing culture of P_^ chrysosporium over
various temperatures.
P. chrysosporium was grown in the presence
of aflatoxin Bl at pH 5.0 for 96 hours.
Water baths and incubators provided the
different temperatures for the 96-hour
incubation period.
After 96 hours the
aflatoxin was extracted and analyzed as in
figure 8. The mycelial weight of P .
chrysosporium was determined as in figure
2.
The amount of degradation is reported
as a factor of mycelial weight.
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Figure 11.

Aflatoxin Bl degradation and subsequent
aflatoxin X formation per milligram of a
growing culture of ^ chrysosporium with
various cofactors and inducers.
P . chrysosporium was grown in the presence
of aflatoxin Bl at pH 5.0 for 96 hours at
37°C. The MnSO^ was replaced with relative
amounts of possible inducers of the
enzyme(s ) responsible for aflatoxin Bl
degradation and/or aflatoxin X formation.
After 96 hours the aflatoxin was extracted
as in figure 8. The mycelial weight of P .
chrysosporium was determined as in figure
9. The amount of degradation is reported
as a factor of mycelial weight.
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B.

DEGRADATION Of AFLATOXIN Bl in a CELL-FREE PREPARATION
Fractionation of the P_^ chrysospor ium culture was

performed to possibly identify where the enzyme(s )
responsible for aflatoxin Bl degradation reside in the
growing culture.

As shown in table 1, the extracellular

fraction plus the addition of H 2O 2 at pH 4.5 was the most
efficient in aflatoxin Bl degradation.

The particulate

fraction was also able to degrade the aflatoxin under the
same circumstances.

Apparently at pH 6.0, the particulate,

the lysate, and the extracellular fractions were unable to
degrade aflatoxin B l .

The lack of H2O2 also prevented

aflatoxin Bl degradation.

C.

No aflatoxin X was formed.

ENZYME KINETIC EVALUATION
After it was observed that the extracellular fraction

from the growing culture of

chrysosporium harbors the

enzyme(s ) responsible for aflatoxin Bl degradation, a rate
analysis of the enzyme system was performed.
Michaelis-Menten constant

The apparent

(Km) for aflatoxin Bl degradation

was determined by measuring the initial velocities of
substrate loss over a range of aflatoxin Bl concentrations
(table 2).

Assuming that the loss of aflatoxin Bl was the

result of a single enzyme, then an apparent Km value of 2.08
>jM was obtained (figure 12).
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Table 1.

The degradation of aflatoxin Bl by various
cellular fractions of P_^ chrysospor ium.

Aflatoxin Bl Degraded (^M)

Incubation Variation
Preparation
Lysate
Fraction

pH 4.5

pH 4.5 +

^2^2

P* 6.0

pH 6.0 + H2O2

0.26

0.35

0.16

0.19

Particulate
Fraction

0.26

0.96

0.32

0. 35

Extracellular
Fraction

0.16

1.73

0.38

0. 54

Fractions
Combined

0.19

1.

0.16

0. 03

73

Samples were prepared as in figure 7. The fractions (10 >ig
protein) were suspended in two ml of medium-A (pH 4.5 or pH
6.0), 2
aflatoxin B l , and 0.1 mM MnSO^.
Hydrogen
peroxide (75
) was added to one-half of the tubes.
All
tubes were incubated at 37°C for 6 hours.
HPLC analysis was
performed as in figure 8.
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Table 2.

Rate of aflatoxin Bl degradation by the
extracellular fraction of P. chrysosporium.

Initial
Aflatoxin
Concentration
(>iM)

Initial
Velocity of
Degradation
(nmoles min“ )

1.60

2.44

3.87

3.88

6.95

4 .20

The extracellular fraction was prepared as in figure 7. Ten
ug of protein from the extracellular fraction, two ml of
medium-A (pH 4.5), 0.1 mM MnSO^, and 75 >iM H 2O 2 were
combined with various concentrations of aflatoxin Bl and
incubated at 37*^0. HPLC analysis was conducted every two
hours as in figure 8 to determine the concentration of
aflatoxin Bl.
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Figure 12.

Double reciprocal plot illustrating the
initial velocities of the degradation of
varying concentrations of aflatoxin Bl
by the extracellular fraction.
A series of experimental tubes were
prepared as in table 2 , each with a
different aflatoxin Bl concentration.
HPLC
analysis was performed as in figure 8 every
two hours to determine the aflatoxin Bl
concentration.
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D.

PARTIAL CHARACTERIZATION

Of

the AFLATOXIN Bl METABOLITE

The formation of an apparent product during aflatoxin
Bl degradation by a growing culture of P\_ chrysosporium^ as
noted through HPLC analysis (figure 8), signaled further
experimentation to possibly identify the metabolite.
Initially, a verification that the metabolite was actually
formed from the degradation of aflatoxin Bl was necessary.
Experiments investigating any by-product formation by a P .
chrysosporium culture without the aflatoxin Bl-Tween 80
mixture and a P^ chrysosporium culture with only Tween 80
revealed no formation of a product peak at the HPLC
retention time of 3.44 minutes.

This information suggests

that the aflatoxin X peak only appeared in cultures of P .
chrysosporium incubated with aflatoxin Bl.
As shown in figure 8, the metabolite peak

(AFX)

appeared to consist of more than one substance due to the
peak's slightly irregular shape.

Further efforts to

separate the overlapping peaks by altering the HPLC elutant
ratio were unsuccessful.
Attempts to identify this product with other known
metabolites of aflatoxin Bl degradation were performed.
Figure 13 shows, by HPLC analysis, the retention times of
aflatoxins Bl (4.40), B2 (4.36), and Ro (4.61) to be
dissimilar to the metabolite peak (3.44).

Although one

ng/pl of each aflatoxin was injected into the HPLC for
analysis, each peak showed a different peak area as a result
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Figure 13.

HPLC retention time comparisons between
aflatoxin X and aflatoxins Bl, 82, and Ro.
A 96-hour
chrysosporium plus aflatoxin
Bl culture was processed and analyzed by
HPLC as in figure 8. Acetonitrile samples
containing one ng/pl of aflatoxins B l , B2,
and Ro were injected into the HPLC.
Retention times were measured and compared
to the retention time of aflatoxin X.
a. ) A 96-hour
chrysosporium culture
with aflatoxin Bl.
b.) Aflatoxin Bl.
c.) Aflatoxin B2.
d . ) Aflatoxin Ro.
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of differing optimum UV absorbance.
Thin layer chromatography comparisons are presented in
table 3.

The degradation product from aflatoxin Bl

exhibited a significantly smaller Rf value (0.137) than the
other aflatoxins (^0.45).

However, the most important

observation of this experiment was that the metabolite
fluoresced blue, indicating that the product was retaining
the bifuran-coumarin moiety of the aflatoxin Bl molecule.
Since the metabolite ring structure is probably intact and
since the metabolite thus far does not coincide with data
from other aflatoxins studied, the arbitrary term "Aflatoxin
X" is an appropriate description for the unknown aflatoxin
molecule.
The final partial characterization assay conducted was
the comparison of the aflatoxin's absorption spectra in
figure 14.

Aflatoxin X was most similar in its absorption

spectra to aflatoxin Ro.

Aflatoxins Bl and B2 were very

similar to each other but very different from either
aflatoxin X or aflatoxin Ro.

E.

AFLATOXIN X TOXICITY
Aflatoxins show different degrees of toxicity and

mutagenicity depending upon the individual aflatoxin
structure and the tissue or organism involved.

A comparison

between the toxicity of aflatoxin X and aflatoxin Bl to B .
meqaterium is presented in table 4.

One ^ g of aflatoxin Bl
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Table 3.

Thin Layer Chromatography Rf comparisons between
aflatoxin X and aflatoxins Bl, B2, and Ro.

Aflatoxin

Rf Value

X

0.137

Bl

0.486

B2

0.429

Ro

0.457

A 96-hour aflatoxin Bl degradation sample was obtained as in
figure 8 . One hundred pi of the sample was spotted on a
Whatman, non-fluorescing, 5 x 20 cm, silica gel (250 pm)
glass plate.
One p g of aflatoxins B l , B 2 , and Ro were
spotted adjacent to the sample spot.
The developing solvent
was chloroform : acetone (9:1).
The plate was then viewed
under an ultraviolet lamp (254 nm) and the zones of
fluorescing blue were identified as the aflatoxins.
Rf
values were calculated and compared.
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Figure 14.

Absorption spectra of aflatoxins X, Bl, 82,
and Ro.
The blue fluorescing zones obtained on the
TLC plates (table 2) were removed from the
plate and extracted with one ml of ice-cold
methanol.
The extraction solution was
placed in a 1.5 cm Bio-Rad cuvette with a
one cm pathway and scanned on a PerkinElmer Lambda 3A UV/Vis spectrophotometer.
Methanol served as the control.
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Table 4.

Growth inhibition of Bacillus megaterium in
response to aflatoxin Bl and aflatoxin X.

Diameter of the zone of Inhibition (mm)*
Aflatoxin Concentration (>ig)
Aflatoxin

0.5

1.0

1.5

2.0

Bl

5.0

5.5

5.75

6.0

X

5.0

7.5

10.2

N/A

5.0

5.0

5.0

5.0

Control-chloroform

*Disc diameter = 5 mm

Aflatoxin X was extracted and isolated from a growing
culture of
chrysosporium that had been incubated with
aflatoxin Bl (see methods).
Aflatoxins Bl and X were
transferred to 5 mm filter paper discs.
The discs were
placed on medium-C agar plates containing a soft-agar (0.7%)
overlay with 50 ;il of a B_^ megater ium overnight culture.
The plates were incubated at 37^C for 18 hours.
The
diameter of the zones of growth inhibition surrounding the
discs were then measured.
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slightly inhibited the growth of ^

megaterium with

increasing amounts of aflatoxin Bl creating greater zones of
inhibition.

Aflatoxin X also started to inhibit B .

megater ium when one ^ g was placed on the disc.

However, the

zones increased at a much greater rate for aflatoxin X than
aflatoxin Bl.

Thus, from these results it appears as though

aflatoxin X is much more toxic than aflatoxin B l .
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CHAPTER IV

DISCUSSION

The primary objective of this study was to explore the
possibilities of developing an enzymatic procedure for
removing toxic substances from food products.

Specifically,

this research was designed to identify an enzyme system that
could be used to degrade aflatoxin Bl, a potent
hepatocarcinogen found in grain and nut commodities, to a
non-toxic product.

Phanerochaete chrysosporium was

initially selected as a source of such a system due to its
remarkable degradative capabilities.

P. chrysosporium

contains several enzymes, both intracellularly and
extracellularly, that have been shown to break the aromatic
ring structure of various compounds.

As aflatoxin Bl

contains a fused ring system that leads to its
carcinogenicity, a possibility of degradation by P .
chrysospor ium exists.

The results obtained in this study

indicated that aflatoxin Bl was degraded by P^ chrysosporium
and the subsequent formation of a product
occurred.

(aflatoxin X)

Initially, a characterization of the enzyme

system involved in aflatoxin Bl degradation was studied and
secondly an analysis of aflatoxin X was performed.
Primary experiments showed that a loss of aflatoxin Bl
did actually occur in a growing culture of ^

chrysosporium

51
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over a period of days. However, a loss of aflatoxin Bl does
not necessarily indicate degradation.

Other research has

failed to differentiate between the aflatoxin's ability to
adhere to the mycelium of a growing fungi and the actual
degradation of aflatoxin B l .
by

Thus the loss of aflatoxin Bl

chrysosporium may have actually been a result of the

inability to extract aflatoxin Bl from the

chrysosporium

mat rather than an occurrence of degradation.

Fortunately,

in the assays that followed this preliminary experiment, the
loss of aflatoxin Bl was not proportional nor solely
dependent on mat production.

The subsequent formation of

aflatoxin X also supports the accountability of an enzyme
system present in P_^ chrysosporium that was responsible for
aflatoxin Bl degradation.

The experiments that succeeded

the initial degradation study provided information that
characterized the optimum growth conditions for the specific
enzyme system that degraded aflatoxin B l .

The formation of

aflatoxin X resulted in slightly different optimum growth
conditions of P_^ chrysosporium and therefore will be
considered separately.
The loss of aflatoxin Bl occurred at two different pH
levels, 4.5 and 6.0.
ligninase-I

Previous studies identified

(48) and peroxidase-M2

function optimally at pH 4.5.

(26) as enzymes that

Both of these enzymes are

capable of breaking the ring structure of aflatoxin Bl.

The

only enzyme that ideally functions at pH 6.0 that has thus
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far been studied is the H2O 2 producing glucose oxidase.
Doyle (19) reported the possible detoxification of aflatoxin
Bl by H2O 2 f therefore glucose oxidase could play an
important role in the degradation process.
individual cellular fraction from

The only

chrysosporium that

degraded aflatoxin Bl was the extracellular fraction at pH
4.5 when H 2O 2 was added.

This information coincides with

the location of both ligninase-i and peroxidase-M2.
lack of degradation with any of the fractions at pH

The
6.0,

with or without H 2O 2 f indicates that glucose oxidase is
probably not entirely responsible for the degradation of
aflatoxin Bl.

The enzyme system that functioned at pH 6-0

in the growing cultures of

chrysosporium was apparently

dismantled during the fractionation procedure.
P . chrysospor ium is unique compared to other fungi in
terms of the ideal temperature for enzyme action.

Most

fungi function at an optimum temperature of 30°C (31).
However, lignin degradation by
efficiently at 37°C (38).

chrysosporium occurs most

Interestingly, the optimum

temperature for aflatoxin Bl degradation was 2 3°C.

This

does not correspond with the previously discussed enzymes,
1 igninase-I and peroxidase-M2, which function optimally at
37°C (25, 56, 57).

Aflatoxin Bl degradation did continue to

occur up to 37®C, thus whatever enzyme system involved was
fairly stable over a wide temperature range.
The addition of various cofactors and inducers to the
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growing p_^ chrysosporium cultures was to assist in the
production and performance of the enzyme(s ) responsible for
the various aspects of possible aflatoxin Bl degradation.
Previous research has shown that when MnSO^^ veratryl
alcohol, vanillic acid, or lignosulfanate was added to
cultures, the P_^ chrysospor ium was able to degrade greater
quantities of lignin or its substructure molecules
28, 41, 61).

(9, 24,

By analogy, these same compounds might

increase the degradation of aflatoxin Bl.

A control tube

which lacked any cofactors or inducers degraded very little
aflatoxin B l .

A lack of degradation was also noted with the

addition of lignosulfanate.

Ideally the lignosulfanate

would have been an inducer of the glucose oxidase system
(28).

However, the lignosulfanate material contains many

nonlignin-derived materials that may be interfering with the
degradation of aflatoxin Bl (15).

If the glucose oxidase

system was induced by the lignosulfanate, then the extra
hydrogen peroxide was apparently unable to degrade aflatoxin
Bl by itself.
Bl degradation,

Veratryl alcohol greatly enhanced aflatoxin
implying that the ligninase-l system may

have been further activated.

The addition of vanillic acid

also significantly increased aflatoxin Bl degradation.

This

information suggests that an enzyme associated within the
mycelial structure, vanillate hydroxylase, may be used in
degradation.
Manganese sulfate was also tested; not as an inducer
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but rather as a cofactor that aids in the electron transport
of the peroxidase-M2 enzyme system.

The MnSO^ did increase

aflatoxin Bl degradation but not to the extent of veratryl
alcohol or vanillic acid.
The extracellular fluid appeared to contain most of the
degradation activity involved in aflatoxin Bl degradation.
As mentioned previously, H 2O 2 was necessary for degradation
and pH 4.5 was optimum for activation of the enzyme(s).
When all of the cellular fractions were combined, the level
of degradation remained the same as with the extracellular
fraction individually, thus indicating that the particulate
and the lysate fractions probably do not contribute to the
degradation of aflatoxin B l .
Kinetic analysis of the enzyme(s ) located in the
extracellular fraction provided further information for
describing the degradation system.
constant

A Michaelis-Menten

(Km) of 2.08 >iM was obtained.

The relatively low

Km value signifies that a strong interaction between the
enzyme system and the substrate exists.

The feasibility of

this enzyme system as a detoxifying additive to food
products depends in part on its efficiency to degrade
aflatoxin Bl.

Although an enzyme would probably not

function as efficiently in a food commodity due to the
difficulty in locating the substrate, the Km value obtained
for aflatoxin Bl degradation suggests that the P.
chrysosporium enzyme system does have the potential to be
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utilized in food commodities.

A high enzyme affinity for

aflatoxin Bl would be necessary as food products contain
very minute amounts of aflatoxin el.
Summarizing the information obtained for the
degradation of aflatoxin Bl by

chrysosporium, the enzyme

system was located in the extracellular fraction.

It

required H 2O 2 , it functioned optimally at pH 4.5, and
degradation was augmented by the addition of veratryl
alcohol.
and Kirk

All factors point to the enzyme described by Tien
(56) as 1igninase-I.

Ligninase-i, however, must

rely on a H 2O 2 producing enzyme, possibly glucose oxidase.
The production of aflatoxin X was initially questioned
as being a by-product of some other metabolic process rather
than a product of the degradation of aflatoxin Bl.
Experiments verified, however, that aflatoxin X was not
formed by P_^ chrysosporium unless the aflatoxin Bl had been
added to a growing culture of

chrysosporium.

The

addition of only Tween 80 failed to produce the aflatoxin X.
Therefore the assumption was made that the metabolite does
indeed result from the degradation of aflatoxin Bl.
The enzyme(s ) responsible for aflatoxin X production
exhibited a slightly different character than those for
aflatoxin Bl degradation.

The pH which provided for the

greatest production of aflatoxin X in a growing culture of
P . chrysosporium was 6.0.

The glucose oxidase system once

again may structurally alter aflatoxin Bl by the increased
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H 2O 2 production with the result being aflatoxin X.

Glucose

oxidase also functions optimally at 37°C which coincides
with the ideal temperature for aflatoxin X production.

The

only effect that the inducers had on the production of
aflatoxin X was a great decrease in production with the
addition of veratryl alcohol.

This may have resulted

because of the increased production of the enzyme(s ) in
aflatoxin Bl degradation were either:

1) masking or

inhibiting the enzyme(s ) in aflatoxin X production, or
2) further degrading aflatoxin X to molecules that were not
detected with the experimental procedures involved.

A

kinetics analysis was not performed for aflatoxin X
production because upon cellular fractionation of P .
chrysosporium aflatoxin X was not formed.

Either the

e nzyme(s ) that produce aflatoxin X were denatured during the
fractionation procedure or the enzyme simply continued its
degradation process and aflatoxin X was broken down faster
than it could be detected.
An enzyme system that could alter the aflatoxin Bl
structure is significant only to a certain extent.

In order

for the food industry to exploit such a degradative system,
an identification of the products is necessary to insure
that the elimination of aflatoxin Bl does not create further
carcinogens or additives that would be considered equally
h a rmful.
The initial step in identifying aflatoxin X was to
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compare some of its basic properties to those aflatoxins
which have already been associated as products of aflatoxin
Bl metabolism.

Aflatoxin B2 was selected for the comparison

experiments because of its relative frequency as a product
of aflatoxin Bl degradation in mammals (54).

Aflatoxin Ro

was also compared as it is the only metabolite thus far
identified that resulted from aflatoxin Bl degradation by a
fungus.
Aflatoxin X had a significantly shorter retention time
during HPLC analysis in comparison to the other aflatoxins.
The reverse-phase column used in this analysis retains
nonpolar molecules for a longer amount of time, thus
aflatoxins Bl, B2, and Ro are probably much less polar than
aflatoxin X.
The retention factor values (Rf) obtained in thin layer
chromatography confirmed that aflatoxin X is much more polar
than aflatoxins Bl, B2, and Ro.

The large Rf values for the

other aflatoxins indicated a high degree of hydrophobicity
as the toxins migrated along the TLC plate very well with
the chloroform : acetone solvent.

Since aflatoxin X had a

very low Rf value relative to the other aflatoxins, it
appears as though aflatoxin X may be very different
structurally as it was not nearly as hydrophobic.

However,

aflatoxin X maintained its ability to fluoresce, therefore a
significant portion of the bifuran and coumarin moieties
were probably retained.
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The spectrophotometric scans of the aflatoxins revealed
very dissimilar wavelength patterns between aflatoxin X and
aflatoxins Bl and B 2 .

Interestingly, aflatoxin X and

aflatoxin Ro showed fairly similar absorbency readings.
This would imply that these two molecules may have a similar
chromophore.

Aflatoxin Ro is essentially a reduced version

of the aflatoxin Bl molecule (figure 1).

This loss of a

portion of the chromophore provides the shift in optimum
absorbency to a lower wavelength (42).

Aflatoxin X may also

be a hydroxylated product of aflatoxin Bl.

However,

aflatoxin X must have other additions or deletions in the
molecule as the HPLC and the TLC studies illustrated a
significantly different polarity than that shown by
aflatoxin Ro.
As aflatoxin X did not match previously identified
metabolites of aflatoxin Bl degradation, the final step was
to determine if aflatoxin X was toxic.

Even though it is

apparent that aflatoxin X retained the fused ring system of
aflatoxin Bl, possibly the structure was dismantled to the
extent of eliminating its toxic properties.

Aflatoxin X was

just as toxic to Bacillus megater ium as aflatoxin Bl when
both were tested in small quantities.

Unfortunately,

aflatoxin X became significantly more toxic than aflatoxin
Bl when ^
the toxins.

megaterium was subjected to increasing amounts of
Possibly, the more polar character of aflatoxin

X allowed for a greater degree of penetration through the
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cell wall of B_^ megaterium/ thus increasing aflatoxin X's
ability to kill the bacterium.
The observation that ^

chrysosporium produced a more

toxic product upon metabolism of aflatoxin Bl leads to
the overall question of using the enzyme system to degrade
aflatoxin Bl found in food products.

Obviously the

increased toxicity of aflatoxin X would lead to speculations
of even considering the exploitation of the P_^ chrysosporium
enzyme system in the food industry.

However, as suggested

in the fractionation experiment, the individual enzyme
system may detoxify aflatoxin Bl to various non-toxic
products as aflatoxin X was not formed upon exposing
aflatoxin Bl to only the extracellular fraction.
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CHAPTER V

SUMMARY

Aflatoxin Bl degradation by Phanerochaete chrysosporium
was examined.

By varying the growth conditions of p .

chrysosporium, the optimum conditions for degradation were
identified.

Degradation products were also partially

characterized.
1.

P_2_ chrysosporium degraded aflatoxin Bl and

subsequently produced aflatoxin X.
2.

The optimum pH levels for aflatoxin Bl degradation

in a growing culture of P_^ chrysosporium were 4.5 and 6.0.
The optimum pH level for aflatoxin X production was 6.0.
3.

The optimum temperature for aflatoxin Bl

degradation in a growing culture of P^ chrysosporium was
2 3°C with an overall thermal stability up to 37°C.

The

optimum temperature for aflatoxin X production was 37°C.
4.

Inducers such as veratryl alcohol and vanillic

acid greatly enhanced the degradation of aflatoxin B l .
Manganese sulfate, a cofactor, also increased aflatoxin Bl
degradation.
5.

Veratryl alcohol decreased aflatoxin X production.

The other inducers had no effect on the formation of
aflatoxin X.
6.

The extracellular fraction from P^ chrysospor ium

61
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degraded aflatoxin Bl at pH 4.5 when H2O 2 was added.

No

aflatoxin X was produced by this preparation.
7.

The Km of aflatoxin Bl degradation by the

extracellular fraction was 2.08 p M .
8.

Aflatoxin X had a significantly smaller retention

time in HPLC analysis and a much smaller retention factor in
TLC analysis than aflatoxins Bl, B2, and Ro.

This data

indicates that aflatoxin X is a more polar molecule than the
other aflatoxins.
9.

Aflatoxin X displayed a somewhat similar

spectrophotometric scan to that produced by aflatoxin Ro.
10.

Aflatoxin X is much more toxic to Bacillus

megaterium than aflatoxin Bl.
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APPENDIX
MEDIA
Medium-A:

Defined media for the growth of Phanerochaete

chrysosporium.
To one liter of water add:

0.2

9

KH 2PO 4

53.0 mg MgSO^-? H 2O
18.0 mg CaCl2-2 H2O
2.69 mg EDTA
1.0

mg NaCl

0.1

mg FeS04~7 H 2O

0.1

mg C0C I 2-6 H 2O

0.1

mg ZnS04

0.01 mg CUSO4-5 H 2O
0.01 mg A I K (304)2
0.01 mg H 3B O 3
0.01 mg N a 2Mo04 — 2 H 2O
1.00 mg Thiamine-HCl
20.0 9

dextrose

0.22 9

ammonium tartrate

1.46 ml succinic acid
dimethyl ester
Adjust

the PH to 4.5 w i t h

1 N HCl.

69
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

70

Medium-B;

Fresh basil salts for the blending of the mat.

To one liter of water add:

1.2

g Na^PO^-12 H 2O

1.36

g KH2PO4

1.46

g 2,2 dimethylsuccinate

0.6

g MgSO^-? H 2O

0.111 g CaCl2-2 H2O
Adjust the pH to 4.5 with 1 N HCl.

Medium-C: Media for the growth of Bacillus megaterium
To one liter of water add:

5 g yeast extract
10 g tryptone
2 g dextrose

Adjust the pH to 6.2 with 1 N HCl.
For plates add :

15 g agar
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